Who Uses Inferior Voting Technology?
Stephen Knack, University of Maryland and Martha Kropf, University of MissouriKansas City A widespread perception emerged after the election among politicians and in the news media that the use of punch-cards, and of antiquated voting machinery more generally, was more common in counties with a greater percentage of minorities and poor people. Al Gore repeatedly claimed that -the old and cheap, outdated machinery is usually found in areas with populations that are of lower income people, minorities, and seniors on fixed incomes.‖ 2 Joe Lieberman suggested that antiquated voting equipment -may be undermining the electoral rights of many poor and minority citizens.‖ 3 A series of editorials and op-ed articles in the Washington Post stated as fact that -it is mainly affluent counties that have switched‖ from punch-cards to more modern equipment while -poor and minority voters tend to be stuck with less accurate machines,‖ that African Americans -were far more likely to be stuck with the lousy machines than were affluent whites,‖ that -voters in predominantly minority communities had to vote using antiquated machines,‖ and that -the most error-prone machines tend to be in the poorest counties.‖ 4 Only very limited and selective analyses underlie these assertions, however. A New York Times study reported that in the 2000 election in Florida, 64% of AfricanAmerican voters but only 56% of whites lived in punch-card counties. Similarly, Democratic voters were somewhat more likely than Republican voters in Florida to reside in counties using punch cards. 5 A Washington Post article concluded from an examination of the Atlanta and Chicago metropolitan areas that the problem of racial differences in invalidated ballots caused by gaps in voting technology -extended well beyond Florida.‖ 6 This conventional wisdom that emerged so rapidly in late 2000 on poor, minority areas being stuck with the worst voting equipment was superficially plausible for two reasons. First, the proportion of ballots for which no valid presidential choice was registered was much higher in areas heavily populated by minorities and the poor than elsewhere. Second, income and ethnicity are often strongly related to the quality of other public services, such as education. It seems reasonable to assume that where incomes and local tax revenues are low, election administration would be less well funded, and inferior voting technology-namely, punch-card equipment-would still be in use.
In this article, we report on the incidence of punch-card and other voting equipment by ethnicity, incomes and other variables, combining county-level demographic data from the Census Bureau with county-level data on voting equipment collected by Election Data Services, Inc. Our findings, widely reported in the national print and electronic media in late January and February of 2001, provide remarkably little support for the view that resource constraints cause poorer counties with large minority populations to retain antiquated or inferior voting equipment.
Voting Equipment in Use
The choice of voting equipment is determined at the county level in most states.
Voting equipment can be classified in six broad categories: (1) paper ballots, (2) lever machines, (3) punch card systems, (4) Datavote, a variant of punch card voting, (5) optical scanning, and (6) electronic systems.
Paper ballots constitute the oldest voting system still in use. Candidates' names are printed next to boxes, which voters mark. Because they are hand counted, paper ballots remain in use mostly in small counties with few contested offices.
On mechanical lever machines, each candidate's name is assigned to a lever on a Table 1 ).
Before the advent of punch-card systems in the mid-1960s, most voters in large cities, and many in medium-sized cities, together accounting for a majority of the nation's voters, used lever machines, with the remainder using paper ballots. By 1998, the most recent year for which complete data are available, use of paper ballots had dropped to about 13% of counties, representing about 1.4% of the population.
Lever-machine use also declined steadily since the mid-1960s, although less rapidly than for paper ballots. By 1998, about 15% of counties throughout the nation (including all of New York) representing about 18% of the population still used lever machines.
Beginning in 1964 and continuing throughout the 1970s, punch-card systems rapidly became more prevalent, particularly in large counties previously using lever The Orlando Sentinel conducted a manual review of more than 6,000 ballots read by optical scanners as invalid in Lake County, Florida in the 2000 presidential election, and found hundreds of overvotes in which voter intent was clear from attempted erasures or from notes written on the ballots, and several undervotes in which voters had circled a candidate's name instead of filling in an oval. 9 The precinct-count variant of opti-scan can alert voters to many but not all of these errors, and elections officials concerned about long lines at the polls sometimes do not even program the equipment to detect such mistakes.
Most DRE systems do not provide recountable individual records of voter choices, meaning that certain software or other problems in vote tallying may not be correctable.
Any system relying on computerized vote tallying, including electronic voting, optical scanning, and punch cards, is subject to both security concerns and the possibility of vote was recorded in 1996 for 3.1% of voters on average in both punch-card and DRE counties (see Table 1 ). Datavote counties had the highest rate at 3.4%, and lever machines the lowest at 2.2%. Blacks were much more likely than whites or Latinos to live in counties using DRE or lever machines, both of which are typically programmed to prevent overvoting. In New York City's five counties, however, sensor latches intended to prevent accidental undervoting have been disabled, producing far higher rates of voided ballots than in other lever machine counties. 18 Excluding these disproportionately minority counties, 18.2% of blacks, 15.6% of whites, and only 7.4% of Latinos lived in lever-machine counties. Table 3 provides comparisons in voting equipment used for persons above and below the poverty line. Differences are very minor, in Florida and in the nation overall.
Poverty Status
The poor were slightly more likely than the nonpoor to live in punch-card counties, but also slightly more likely to live in DRE counties.
Party Voting
Based on presidential voting patterns in 1996, Democratic voters were more likely than Republicans to live in punch-card counties in Florida, as shown in Table 4 .
Nationally, however, the difference was negligible. Democrats were more likely to live in lever-machine counties, although half of this gap disappears when New York City is excluded. Republicans were somewhat more likely to live in opti-scan counties.
State-Level Comparisons
In practical terms, the nationwide comparisons in Tables 2-4 
Economic Factors
The belief that minorities, the poor and Democrats tend to reside in areas using more error-prone voting equipment rests in large part on the reasonable presumption that cost matters. Electronic voting systems are more expensive than punch-card systems, 20 and counties with a lower poverty rate (and thereby a smaller share of minorities and
Democratic voters in general) may be better able to afford the newer, more expensive technology. On the other hand, larger counties-where minorities and Democratic voters 21 disproportionately reside-may benefit from economies of scale in purchasing and implementing newer systems such as electronic voting. Here, we consider several county-level economic factors: county size, per capita income, and per capita property tax revenues (the major source of revenue for most county governments).
Results shown in Tables 5-7 provide little evidence that the retention of punch-card systems, or the adoption of less error-prone opti-scan or electronic alternatives, is heavily influenced by considerations of affordability. Punch-card counties in Florida were much larger (see Table 5 ), wealthier (Table 6) , and more revenue-rich (Table 7) than any other group of counties. It is exactly those counties that should be able to afford modern equipment which were the most likely to retain punch cards.
Nationally, punch-card and Datavote counties were larger (Table 5) and wealthier (Table 6 ) on average than counties using other voting systems. Surprisingly, DRE counties had the lowest incomes on average, and (by a wide margin) the lowest per capita property tax revenues (Table 7) . Among opti-scan counties, those with precinct-count systems were somewhat larger on average (80,000 vs. 55,000,  = .02), but differences in per capita income and property tax revenues were insignificant.
Comparisons across counties for each state separately produce similar findings.
The 28 states considered are those in which some counties used punch cards while others used modern (opti-scan or electronic voting) equipment. 22 In 17 of the 28 states, punchcard counties were larger than counties with modern equipment. This difference was significant in 11 states: punch-card counties were larger in eight states and smaller in only three states. Also in 17 (but not the same 17) of the 28 states, punch-card counties had higher average incomes. This difference was significant in 13 states: per capita incomes were higher in punch card counties in eight of these, and lower in only five states. Similarly, in 17 of the 28 states, punch-card counties on average had higher per capita property tax revenues. Taxes were significantly higher in punch-card counties in seven states, and in counties with modern systems in only three states.
Florida fits these general patterns. Population, income, and tax revenues were all significantly higher in its 15 counties using punch cards in 1998 than in its 24 opti-scan counties (there were no DRE counties, because its use had not been approved in Florida).
Among the opti-scan counties, however, those with precinct-count systems had higher property tax revenues per capita ($770 vs. $471, significant at .01).
Probit Regressions
We also conducted several county-level probit regression analyses examining the factors associated with use of each type of voting technology. These tests can tell us how ethnicity relates to equipment type, controlling for county size and other economic variables. 23 The most noteworthy finding is that counties with a higher share of African Americans were significantly less likely than others to use punch-card machines. They were also less likely to use paper ballots, and more likely to use lever machines.
Counties with more Latinos were significantly less likely to use lever machines, and more likely to use Datavote or opti-scan technology. Higher incomes were associated with a lower likelihood of using paper ballots; we found no other significant relationship with income. Higher property taxes were associated with a greater use of paper ballots (likely reflecting low population density) and a lower likelihood of using DRE. Low population levels strongly predicted the use of paper ballots as expected, while large counties were more likely to use punch-card or DRE systems.
Conclusion
Results from this study contradict the widespread belief that African Americans, the poor, and Democratic voters were more likely to reside in counties using punch-card technology, and that a county's wealth determines its quality of voting equipment. Media reports of ethnic and party disparities in Florida, and in selected metropolitan areas such as Atlanta and Chicago, prove to be inconsistent with evidence from most other states and the country as a whole. In fact, in the majority of states with some counties using punch cards and others using alternative systems, whites, the nonpoor, and Republican voters are more likely than African Americans, the poor, and Democratic voters to reside in punch-card counties.
What about variation in age or condition of equipment within counties-perhaps the poorer precincts get stuck with the faulty machines, or with more poorly trained poll workers who assemble the devices less carefully? In fact, the punch-card devices are assembled at a central location before distribution to precincts, not by election-day poll workers, and machines do not -belong‖ to particular precincts.
Moreover, there is little evidence that the choice between punch cards and more modern, less error-prone systems is influenced by economic factors. In Florida and elsewhere, larger, wealthier, and more tax-rich counties were more likely to use punchcard technology, and less likely to use DRE.
We note several caveats in closing. First, Latinos are more likely than whites (or blacks) to live in punch-card counties. However, this disparity would be eliminated entirely if Los Angeles County abandoned its use of punch cards-and the whiteHispanic gap in most of the individual states is in the opposite direction from the disparity for the nation as a whole.
Second, although lever machines perform well in terms of producing low rates of invalidated ballots, there is anecdotal evidence that they are associated with much longer waits at the polls to vote. If lines deter some people from voting, the greater likelihood that African Americans live in lever machine counties is a mixed blessing.
Third, we cannot rule out the possibility that among punch-card counties, the poorer ones are less likely to provide voters access to card readers allowing them to check that their ballots accurately reflect their voting intentions. However, the availability of this equipment could just as easily be a function of county size rather than income levels. 24 We also do not have data on the number and characteristics of absentee and early voters in each county and on which system is used for tallying their ballots. Stephen Knack is currently a Senior Research Economist at the World Bank specializing in governance and public sector reform issues. In his previous academic positions, he was the author of numerous studies on American voting participation. Martha Kropf is Assistant Professor in the Department of Political Science, University of MissouriKansas City, and specializes in public opinion and political participation.
